The functional receptor complexes assembled in response to interleukin-6 and -11 (IL-6 and IL-11), leukemia inhibitory factor (LIF), oncostatin M (OSM), and ciliary neurotrophic factor (CNTF), all involve the signal transducer gp130: IL-6 and IL-11 induce homodimerization of gp130, while the rest heterodimerize gp130 with other gp130-related beta subunits. Some of these cytokines (IL-6, IL-11, and CNTF) also require a specificity-determining alpha subunit not directly involved in signaling. We have searched for functional receptor complexes for these cytokines in cells of the bone marrow stromal/osteoblastic lineage, using tyrosine phosphorylation of the beta subunits as a detection assay. Collectively, murine calvaria cells, bone marrow-derived murine cell lines (+/+LDA11 and MBA13.2), as well as murine (MC3T3-E1) and human (MG-63) osteoblast-like cell lines displayed all the previously recognized alpha and beta subunits of this family of receptors. However, individual cell types had different constellations of alpha and beta subunits. In addition and in difference to the other cell types examined, MC3T3-E1 cells expressed a heretofore unrecognized form of gp130; and MG-63 displayed an alternative form (type II) of the OSM receptor. These findings establish that stromal/osteoblastic cells are targets for the actions of all the members of the cytokine subfamily that shares the gp130 signal transducer; and suggest that different receptor repertoires may be expressed at different stages of differentiation of this lineage.
Introduction
Members of the subfamily of cytokines that includes interleukin-6 and -11 (IL-6 and -11), 1 leukemia inhibitory factor (LIF), oncostatin M (OSM), and ciliary neurotrophic factor (CNTF) induce the assembly of related multi-component receptors. IL-6, CNTF, and IL-11 initially bind to receptor subunits that recognize the respective cytokine but do not participate directly in the transduction of the signal ( ␣ subunits) (1) (2) (3) (4) . LIF and OSM, on the other hand, bind to receptor components ( ␤ subunits) that are also involved in the transduction of the signal. Irrespectively of whether a cytokine binds to its ␣ subunit or directly to a ␤ subunit, binding of the ligand leads to the formation of gp130 homodimers or gp130 heterodimers with an additional ␤ subunit. Ligand-induced dimerization of the ␤ subunits initiates intracellular signaling by activating members of a family of receptor-associated tyrosine kinases, known as the Janus kinases (Jaks) (2, 5) . This step induces tyrosine phosphorylation of several proteins including the ␤ components of the receptor complex and the kinases themselves and a series of cytoplasmic proteins termed STATs (signal transducers and activators of transcription) (6, 7) . Specifically, binding of IL-6 to the membrane-anchored IL-6 receptor (IL-6R) or a soluble form of this protein (sIL-6R) induces homodimerization and tyrosine phosphorylation of gp130. On the other hand, binding of LIF to its receptor (LIFR ␤ ) induces phosphorylation and heterodimerization of LIFR ␤ with gp130. LIFR ␤ /gp130 heterodimers are also formed upon binding of CNTF to soluble or membrane-anchored receptors for CNTF (CNTFR ␣ ) (3, 8) . OSM can bind directly to gp130 and induce the formation of LIFR ␤ /gp130 heterodimers (9, 10) . Certain cells, however, express receptors that can bind OSM but not LIF and thereby exhibit unique responses to the former cytokine. This alternative OSM receptor has been termed type II, and is believed to consist of a heterodimer of gp130 and a putative OSMR ␤ (10). A diagrammatic illustration of the ligandreceptor complexes for this cytokine subfamily is provided in Fig. 1 .
Demonstration of the fact that gp130 and LIFR ␤ are shared by these cytokines, the former being an obligatory ␤ subunit for all of them, largely explains the functional pleiotropy and redundancy of the members of this subfamily (2, 5) . In spite of such redundancy, however, each cytokine also has unique biologic effects. Such specificity is most probably due to the expression of different cytokine binding subunits by different cell types and/or different signal transducing components. Additionally, unique effects by each cytokine can be due to the presence of different kinases, distinct combinations of Jaks, or substrate choice by the ␤ subunit of the receptor, in different cells (11, 12) .
Earlier work from our group has revealed that IL-6 and IL-11 play a critical role in osteoclast development from its hematopoietic precursors of the bone marrow (13, 14) . Moreover, altered production and responsiveness to IL-6, and perhaps to other cytokines that use gp130, appear to be key pathogenetic events in disease states characterized by increased bone resorption, such as osteoporosis (15) . Besides IL-6 and IL-11, another member of the cytokine subfamily that uses gp130, namely LIF, has been shown to play a role in bone biology. Indeed, LIF receptors have been detected in stromal/ osteoblastic cells and LIF potentiates the expression of alkaline phosphatase and type I collagen synthesis in these cells (16) (17) (18) (19) . Further, overexpression of LIF causes ectopic bone formation and resorption (20) , and targeted disruption of the LIFR ␤ gene results in decreased bone volume (threefold) and increased osteoclast numbers (sixfold) (21) .
Bone marrow stromal cells and osteoblasts are believed to be of the same lineage, as their phenotypic properties overlap. Indeed, bone marrow-derived stromal cell lines express phenotypic markers of osteoblasts, such as alkaline phosphatase and collage type I, and can even form calcified nodules. Conversely, osteoblasts are capable of secreting the same colonystimulating factors and cytokines that are secreted by stromal cells, including IL-6 and IL-11, and appear to play a central part in myelopoiesis (15) . The purpose of the present study was to establish whether cells of the stromal/osteoblastic lineage express some or all of the members of this receptor family, by assessing tyrosine phosphorylation of the ␤ subunits upon stimulation with IL-6, IL-11, LIF, CNTF, and OSM alone or in combination with the soluble forms of their respective receptors. We present evidence that collectively the cells of this lineage express all the known components of this family of receptors; as well as a heretofore unrecognized form of gp130 and an alternative OSM receptor. More interestingly, although these receptors are present in cells of this lineage, individual cell types display a different repertoire of ␣ or ␤ subunits.
Methods
Materials. IL-6, LIF, mouse anti-phosphotyrosine antibody, and rabbit polyclonal IgG anti-human gp130 antibody were obtained from Upstate Biotechnology Inc. (Lake Placid, NY); IL-11 was from Genzyme (Cambridge, MA); OSM and soluble IL-6 receptor were from R&D Systems (Minneapolis, MN). McCoy's 5A medium, FBS, and Brij 96 were from Sigma Chemical Co. (St. Louis, MO). MEM was from GIBCO-BRL (Gaithersburg, MD). CNTF, soluble CNTF receptor, and antisera against human gp130, and LIF receptor ␤ used for immunoprecipitations were obtained as previously described (3, 8, 22, 23) . Goat anti-mouse IgG ϩ IgM conjugated with HRP was obtained from Caltag Laboratories (San Francisco, CA). Protein A-Sepharose was purchased from Pharmacia (Piscataway, NJ). Enhanced chemiluminescence (ECL) reactives were purchased from New England Nuclear (Boston, MA). RNAzolB reactive was purchased from Biotecx Laboratories, Inc. (Houston, TX). Oligo-dT-cellulose and glycogen were from Boeringer-Mannheim Biochemicals (Indianapolis, IN).
Cells and culture conditions. Primary bone cell cultures were prepared from neonatal murine calvaria from 3-6-d-old mice, as previously described (24) . The ϩ / ϩ LDA11 stromal cell line was established from hematopoietically inactive long-term murine marrow cultures, as previously reported (25) . These cells produce a variety of hematopoietic factors including IL-6, LIF, granulocyte-macrophage colony stimulating factor, and stem cell factor (26, 27) . They also express receptors for estrogens, androgens, and vitamin D 3 (28, 29) . The murine stromal/osteoblastic cell line MBA13.2 expresses type I and IV collagen (30) . Both cell lines were cultured in phenol red-free McCoy's 5A medium supplemented with 10% FBS. The murine calvaria-derived osteoblast-like cell line MC3T3-E1 (31), the human osteosarcoma cell line MG-63, and the murine fibroblastic cell line MG-87 were cultured in phenol red-free MEM supplemented with 10% FBS.
Cell stimulation and immunoprecipitations. Cells were cultured until 85-90% of confluence and maintained in serum-free medium for 2 h before stimulation. Cytokines alone (50 ng/ml) or in combination with their soluble receptors (1 g/ml) were added to cell monolayers and maintained for 5 min at 37 Њ C. Cells were then lysed in 20 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1 mM EDTA, 10 mM NaF, 1 mM sodium orthovanadate, 5 g/ml leupeptin, 0.14 U/ml aprotinin, 1 mM phenylmethylsulfonyl fluoride, and 1% Brij 96. Insoluble material was pelleted in a microcentrifuge at 14,000 rpm for 10 min. Aliquots from clear lysates were incubated overnight with specific antisera raised against gp130 or LIFR ␤ . This was followed by precipitation of the complexes with protein A conjugated with Sepharose.
Immunoblotting. Immunoprecipitated proteins were analyzed as described previously (3, 8) . Briefly, immunoprecipitates were dissolved in buffer for protein electrophoresis, separated on SDS-polyacrylamide (7.5%) gels, and electrotransferred to polyvinylidene difluoride (PVDF). Membranes were blocked for 1 h at room temperature in 20 mM Tris, pH 7.5, 150 mM NaCl containing 10% BSA. For the detection of tyrosine phosphorylated proteins, membranes were subjected to immunoblotting using a mouse anti-phosphotyrosine antibody as primary antibody, and a goat anti-mouse IgG ϩ IgM conjugated with HRP as secondary antibody. For the detection of gp130, immunoblotting of the membrane was performed using anti-gp130 antibody (Upstate Biotechnology Inc.) and protein A conjugated with HRP. Blots were developed using ECL according to the manufacturer's recommendations.
RNA extraction and Northern blot analysis. Total cellular RNA was isolated from confluent cell cultures or from freshly isolated murine brain using a commercially available kit (RNAzolB) based on the single step guanidinium-isothiocyanate method (32) . Polyadenylated RNA was selected by oligo-dT-cellulose spin columns and precipitated with ethanol in the presence of glycogen. Messenger RNA was separated by electrophoresis in 1% agarose formaldehyde gels, transferred to nylon membranes, and fixed by heating at 80 Њ C under vacuum for 2 h. Blots were probed with radiolabeled cDNAs for the rat CNTFR ␣ (33) or the housekeeping gene Cho-B (25, 34) , and analyzed using a PhosphorImager (Molecular Dynamics, Sunnyvale, CA).
Results
IL-6 in combination with its soluble receptor (IL-6 ϩ sIL-6R), but not by itself, as well as LIF, CNTF alone or in combination with its soluble receptor (CNTF ϩ sCNTFR ␣ ), IL-11, and OSM induced the phosphorylation of gp130-or LIFR ␤ -containing complexes in primary cultures of murine calvaria cells (Fig. 2) . In this and subsequent experiments with cell lines, tyrosine phosphorylation studies were done using a 5-min time point, based on results of earlier kinetic analysis with hematopoietic and neural cell lines (35) as well as the MBA13.2 cell line (not shown), indicating that this time point is optimal.
The effects of cytokines on the preadipocytic stromal cell line ϩ / ϩ LDA11 are shown in Fig. 3 . Following stimulation with IL-6 alone, a faint band of tyrosine phosphorylated gp130 could be seen. The phosphorylation of this protein increased greatly following stimulation of the cells with IL-6 ϩ sIL-6R or IL-11 (Fig. 3, top , arrow ) . Unlike IL-6 ϩ sIL-6R and IL-11, stimulation of ϩ / ϩ LDA11 cells with LIF, CNTF, or OSM (each one of which uses LIFR ␤ for signal transduction) failed to induce phosphorylation of gp130 or LIFR ␤ . A tyrosine phosphorylated protein precipitated by the antibodies to LIFR ␤ was detectable in this and repeat experiments with this cell line. Although this protein exhibited a similar migration pattern to that of LIFR ␤ , it was consistently present in unstimulated as well as stimulated cells. Further, immunoprecipitation with anti-LIFR ␤ antibody in the presence of an excess of the peptide against the antibody was raised (8) failed to block its precipitation (not shown), indicating that this protein is not LIFR ␤ .
To investigate whether cells representing phenotypes with more osteoblast-like characteristics than ϩ / ϩ LDA11 cells express different receptors, we examined cytokine responsiveness in two other murine cell lines, MBA13.2 and MC3T3-E1. MBA13.2 cells have several phenotypic characteristics of osteoblastic cells, including expression of type I and type IV collagen, as well as PTH receptors (30) . MC3T3-E1 cells represent a differentiated osteoblastic phenotype, as evidenced by the fact that they are able to secrete and mineralize matrix (31) . As shown in Fig. 4 A , MBA13.2 cells did not respond to IL-6, but they responded to IL-6 in the presence of sIL-6R. These cells also responded to IL-11, with tyrosine phosphorylation of gp130 homodimers. Unlike ϩ / ϩ LDA.11 cells, MBA13.2 cells responded to LIF, CNTF ϩ sCNTFR ␣ (but not to CNTF alone), and OSM, with the phosphorylation of gp130 and LIFR ␤, indicating that in difference to ϩ/ϩLDA11, MBA13.2 cells express LIFR␤.
MC3T3-E1 cells responded to LIF, CNTF, and OSM with tyrosine phosphorylation of LIFR␤ and another protein that, although it was immunoprecipitated by the anti-gp130 antibody, had a different response to cytokines than the classical gp130. Thus, MC3T3-E1 cells exhibited a very weak response to IL-6 ϩ sIL-6R (Fig. 4 A) . This observation alerted us to the possibility that the protein phosphorylated in response to LIF, CNTF, and OSM in MC3T3-E1 cells is an alternative form of gp130. Consistent with this, the alternative gp130 appeared to migrate slower than the classical gp130. When MC3T3-E1 cells were stimulated with OSM, we detected three distinct phosphorylated proteins: the LIFR␤, the alternative gp130, as well as a weak band that migrated at the expected position of the classical gp130. These findings suggested that MC3T3-E1 cells express both the classical as well as the alternative gp130; and that the latter is the form predominantly phosphorylated in response to cytokine stimulation. MC3T3-E1 cells exhibited minimal response to IL-11, suggesting that these cells either express very low levels of the ␣ subunit of the IL-11 receptor or that the alternative gp130 is as poorly responsive to IL-11 stimulation as it is to IL-6 ϩ sIL-6R stimulation. It should be noted, however, that in other thaws of MC3T3 cells, the alternative gp130 responded better to IL-6 ϩ sIL-6R.
That the alternative gp130 represents a slower migrating form than the classical gp130 was confirmed in a subsequent experiment where we compared the size of the proteins immunoprecipitated by the anti-gp130 antibody in MC3T3-E1 cells with the proteins immunoprecipitated by the same antibody in ϩ/ϩLDA11, and MBA13.2 cells (Fig. 4 B) . In this experiment, immunoprecipitated lysates from all three lines were run in the same gel, along with lysates from the murine fibroblastic cell line MG-87. MG-87 cells have been previously shown to express the classical gp130 and were used in this experiment as an additional control. The anti-gp130 precipitated protein of the MC3T3-E1 cells exhibited mobility of a 165-kD protein, whereas the gp130 precipitable protein in all the other three cell lines exhibited the expected (145 kD) mobility of the classical gp130.
These data suggest that the slower migrating protein seen in MC3T3-E1 cells is either an alternative processed form of gp130 or a close gp130 relative that directly binds the gp130 antibodies. These results alone could not exclude the possibility that this is a protein unrelated to gp130 that is tightly associated with gp130. To address this possibility, MC3T3-E1 cells were stimulated with LIF. Cells were then lysed and half of the lysate was heated at 95ЊC to disrupt protein-protein interactions; the other half was used unheated. Subsequently, both aliquots were immunoprecipitated with anti-gp130 antibody and were immunoblotted using the antiphosphotyrosine antibody (Fig. 5 A) . Two bands corresponding to the alternative gp130 and LIFR␤ were detected in the unheated aliquot (lane 1). However, only one band, corresponding to the alternative gp130, was detected in the heated aliquot (lane 2), confirming that disruption of the cytokine receptor complexes by the heating step prevented the coprecipitation of LIFR␤. Heating, however, did not interfere with the recognition of the alternative gp130 by the anti-gp130 antibody. As an alternative experimental approach in establishing that the alternative gp130 is indeed recognized by the anti-gp130 antibody directly and is not a fortuitously coprecipitated protein, lysates from unstimulated (i.e., not treated with cytokines) MC3T3-E1, ϩ/ϩ LDA11, and MBA13.2 cells were prepared. The lysates were then immunoprecipitated with anti-gp130 antibodies and the proteins were identified by Western blot using the same anti-gp130 antibody. As seen in Fig. 5 B, the anti-gp130 antibody recognized two distinct proteins in MC3T3-E1 cells. In contrast, ϩ/ϩLDA11 and MBA13.2 contained only one protein that migrated exactly as the faster migrating protein of the MC3T3-E1 cells. These results argue strongly against the possibility that the alternative gp130 is an irrelevant protein fortuitously associated with gp130.
As in the case of calvaria cells (Fig. 2) , MC3T3-E1 cells responded to CNTF in the absence of soluble CNTFR␣, suggesting that both of these preparations express the membraneanchored CNTFR␣ (Fig. 4 A) . In agreement with the results of the phosphorylation studies indicating that MC3T3-E1 cells express the membrane-anchored CNTFR␣ (Fig. 4) , whereas ϩ/ϩLDA11 and MBA13.2 cells do not (Figs. 3 and 4 , respectively), we detected a single 2.4-kb transcript in MC3T3-E1 cells (Fig. 6, lanes 4 and 5) . This transcript comigrated with CNTFR␣ expressed in murine brain (lane 1); but was absent in mRNA preparations from ϩ/ϩLDA11 cells and MBA13.2 cells (lanes 2 and 3, respectively) .
Finally, the responsiveness of a human osteoblast-like cell to the various cytokines was investigated using the osteosarcoma cell line MG-63 as a model (Fig. 7) . MG-63 cells responded very weakly to IL-6 alone. This response was greatly enhanced when IL-6 was used in combination with the sIL-6R. MG-63 cells also responded to IL-11 by forming gp130 homodimers. However, these human cells did not respond to LIF, CNTF alone, or CNTF ϩ sCNTFR␣. Further, antibodies to LIFR␤ failed to precipitate any tyrosine-phosphorylated protein, suggesting the absence of LIFR␤ expression in these cells. On the other hand, stimulation of MG-63 cells with OSM induced tyrosine phosphorylation of gp130 and another ␤ subunit with molecular weight intermediate between gp130 and LIFR␤. This second ␤ subunit was associated with gp130, as evidenced by the fact that it was immunoprecipitated with the anti-gp130 antibody. These results are compatible with the expression of OSMR␤ in MG-63 osteosarcoma cells.
Discussion
The results of the experiments presented in this study demonstrate that cells of the stromal/osteoblastic lineage express all the known ␣ and ␤ subunits of the receptors for IL-6, IL-11, LIF, OSM, and CNTF. Indeed, cells of the lineage displayed gp130, as well as LIFR␤; and, as evidenced by tyrosine phosphorylation of these two ␤ subunits upon stimulation with the respective cytokines, express the cytokine-binding (␣) subunits for IL-6, IL-11, and CNTF.
In agreement with earlier reports by us and others, IL-6 and CNTF were able to induce signaling in the presence of exogenous sIL-6R ␣ or the soluble CNTF receptor (sCNTFR␣), respectively (2, 5, 36) . This effect was independent of whether a particular cell expressed the membrane-anchored forms of these receptors. Thus, IL-6 alone had a weak effect on the phosphorylation of gp130 in the preadipocytic stromal cell line ϩ/ϩLDA11 and the osteoblast-like osteosarcoma cell line MG-63, but no effect in the rest of the lines tested here. However, the effect of IL-6 was greatly enhanced in the weakly responding cells, and appeared in the unresponsive cells, when the cells were stimulated by IL-6 in the presence of the soluble receptor.
IL-6 and IL-11 are produced by stromal/osteoblastic cells and are capable of stimulating the development of osteoclasts from their hematopoietic precursors (13) (14) (15) . At this stage, however, it remains unclear whether these cytokines exert their osteoclastogenic effects via receptors present on osteoclast precursors, or via receptors present on stromal/osteoblastic cells (which are required for osteoclast development), or both. In any event, whereas the osteoclastogenic effects of IL-11 are readily demonstrated in vitro, the osteoclastogenic effect of IL-6 can only be demonstrated when exogenous IL-6R is provided (37) (38) (39) (40) , raising the possibility that expression of the ␣ subunit of the IL-6R in bone is a limiting factor for the effects of the latter cytokine. Consistent with this possibility, the ␣ subunit of the IL-6R was weakly expressed in the preadipocytic bone marrow stromal cell line ϩ/ϩLDA11 and in the human osteosarcoma cells MG-63, but was absent from the calvaria cells and the MBA13.2 and MC3T3-E1 cell lines. The ␣ subunit of the IL-11 receptor, on the other hand, was expressed in all cell types. This apparent difference in IL-6 versus IL-11 receptor expression in stromal/osteoblastic cells may account for the observations that IL-11 is important for osteoclastogenesis in general, whereas IL-6 attains its importance for osteoclastogenesis in certain pathologic states such as osteoporosis. In studies reported elsewhere, we have obtained evidence that both estrogens and androgens regulate the expression of the IL-6 receptor as well as gp130 (41, 42) . Moreover, Girasole et al. have reported that the circulating levels of soluble IL-6 receptor increase following the loss of ovarian function in women (43) . This evidence adds strength to the contention that the expression of the ␣ subunit of the IL-6 receptor is a limiting factor for the biologic effects of IL-6 in bone metabolism; and suggest that loss of gonadal function, besides its effects on IL-6 production, may also cause an increase in the sensitivity of the osteoclastogenic process to the action of IL-6, due to an upregulation of the membraneanchored and/or the soluble form of the IL-6 receptor (15, 44) .
The binding subunit of the IL-11 receptor has been recently cloned and shown to interact with gp130 but not with LIFR␤ (4, 45) . In line with this observation, we found that tyrosine phosphorylated ␤ subunits could not be precipitated with the LIFR␤ antibody in IL-11-stimulated stromal/osteoblastic cells. In fact, our results strongly suggest that IL-11 induces homodimerization and tyrosine phosphorylation of gp130, since only a single band corresponding to gp130 was immunoprecipitated by the anti-gp130 antibody.
The results reported in this paper also provide evidence that both the type I and the type II receptor for OSM are expressed in bone marrow stromal/osteoblastic cells. Specifically, MBA13.2 and MC3T3-E1 cells (as well as the rat osteosarcoma cell line ROS 17/2.8; data non shown) displayed the type I receptor as evidenced by their ability to respond to both LIF and OSM with phosphorylation of the LIFR␤/gp130 heterodimer. On the other hand, the osteosarcoma cells MG-63 responded to OSM with the tyrosine phosphorylation of a heterodimer of gp130 with a different ␤ subunit; and failed to respond to LIF (or CNTF, even in the presence of CNTFR␣). The absence of LIFR␤ in MG-63 cells was directly documented by the inability of anti-LIFR␤ antibody to precipitate tyrosine phosphorylated complexes. These observations clearly indicate that MG-63 cells express the OSM type II receptor (10) . In studies not shown here, we have demonstrated that the type II OSM receptors in MG-63 cells are functional by showing that OSM inhibits the proliferation of MG-63 cells by arresting them in the G0/G1 phase of the cell cycle and increases IL-6 production by these cells; whereas LIF has no effect on either of these parameters (46) .
CNTF also induces the phosphorylation of gp130/LIFR␤ heterodimers, however the receptor complex for CNTF is tripartite and includes the ligand-specific subunit CNTFR␣. Both the membrane-anchored and the soluble forms of CNTFR␣ can bind CNTF and trigger signaling (3, 8) . The results presented here demonstrate that primary cultures of calvaria cells and osteoblast-like MC3T3-E1 cells (originally derived from murine calvaria) express the ligand-binding subunit of CNTF receptor. Although the abundance of this message in MC3T3 cells was much lower than that in brain, the amount of membrane-anchored receptor expressed by the cells seemed to be sufficient to obtain maximal cell response, since addition of the soluble form of the receptor did not result in an increase in the phosphorylation of the ␤ subunits. Consistent with the evidence for the presence of CNTF receptors in osteoblastic cells, we have recently demonstrated modulatory effects of CNTF on proliferation, alkaline phosphatase activity and IL-6 production in MC3T3-E1 cells (47) , indicating that these receptors are indeed functional. These observations reveal one of the first actions for CNTF outside of the central nervous system and skeletal muscle (48) .
Besides previously recognized (or suspected, in the case of OSMR␤) ␣ and ␤ subunits for this cytokine receptor family, we have detected a heretofore unrecognized form of gp130, with a very small, if any, response to IL-6 (even in the presence of sIL-6R) or IL-11, but full response to LIF, CNTF, and OSM. The evidence that IL-6, even in the presence of sIL-6R, cannot induce gp130 homodimerization in the MC3T3-E1 cells that express this alternative gp130 has, to our knowledge, no precedent, and supports the contention that these cells do indeed express an alternative form of gp130. At this stage we do not know whether the alternative gp130 is an aberration of the particular cell line or a form of gp130 that occurs in normal cells. We also do not know if it represents an alternatively processed form of gp130 or is instead a closely related protein that is recognized by the anti-gp130 antibody. In any event, the presence of an alternative gp130 with distinct responsiveness to various members of this cytokine family suggests additional means whereby specificity can be imparted in the actions of distinct cytokines using the same signal transduction pathway, as sequences present in the ␤ subunits determine the activation of specific substrates (12) .
In conclusion, the evidence presented in this paper indicates that bone marrow stromal/osteoblastic cells are targets for the effects of all the cytokines that act through the gp130 receptor family. Taken together with the evidence that at least some of these cytokines are produced by stromal/osteoblastic cells and that they control osteoclastogenesis, these results indicate further that members of this family have both autocrine as well as paracrine actions on bone. Hence, this family of cytokines may be involved in the development of both osteoblasts and osteoclasts, and perhaps in the coordination of these two processes. Even though collectively the cell models used in this study expressed all the known ␣ and ␤ subunits of these receptors, none of them expressed the entire repertoire. Moreover, different combinations of ␣ and ␤ subunits were expressed in cells with distinct phenotypes. This finding strongly suggests that expression of these receptors in cells of the mesenchymal lineage is a function of the stage of differentiation. A differentiation-dependent gain or loss of responsiveness to a particular cytokine would be consistent with a highly specialized role for each of them in bone metabolism. The evidence that increased production of IL-6 and/or increased expression of the IL-6R (13, 29, (41) (42) (43) , or loss of LIFR␤ (21), has detrimental effects on bone homeostasis, is consistent with such a highly specialized and critical role.
